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PROBLEM TO BE SOLVED: To lower operation current 
and to provide a semiconductor light- emitting element 
having high reliability by nonuniformly doping specified 
impurities to barrier layers so that an electric field 
generated by a piezoelectric effect is canceled. 

SOLUTION: A distortion quantum well active layer which 
is a zinc blend semiconductor is formed on a crystal 
semiconductor substrate 1 formed of a prescribed 
semiconductor material by the growth of a crystal. The 
crystal growing direction is set to that obtained by 
Inclining it by 20*'-85* from a [001] axis or an axis 
equivalent to the axis. The active layer Is constituted 
of a distortion well layer 4 and barrier layers 3 and 5, 
whose forbidden bandwidths are larger than the layer 4. 
Then, p-type or n-type impurities are doped nonuniformly 
to the distortion well layer 4 or the barrier layers 3 
and 5 or all the layers by not less than 10''® cm'^. Thus, 
the semiconductor light-emitting element whose operation 
current is low and which has high reliability can be 
obtained. 
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XB^^n. ^©$£Sfi!cft;^iSi*s [0 0 1] $afe5V>tt 
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4^ (ctte L. ±f3>' ^ U T-Ji © z tt±© pf 'C^tf J:f3 

n^n^© z !M±©4"ii^i t) ±13^ 1 ^mmMzim-r 
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tstse 'i' i: V ^ u T a e. ^ D ^ is^ N' u 

'5:< i:t)nM^i^tl«: 1 0 ^8 c ra-%±^^jD bfenS^ 
5 V > p $r 1 0 1 8 c m-3j,:i±-^Ja b p 
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5&< ttjnM^JJfii^S: 1 0l9cm-%±^j!jabfcnM^S 
fe5V>(±pS^»fiife!& 1 0l9cm-%±^*ab&p 
b<«^ne.il:^©«J^<£#b. i^n^ii^ 
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II 1 4^ae<*«iJ{3f4M ±l3-'^• U TJl© z M±©4''H>*s 
±f3pM«^© z!a±©4^-C^ J: t)±t3^ 1 

'ptj:< ttj't7)\^^:^mm^mi^x-ib^mmmmm.^n 
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m.w$.. 4) b<j±^ne.i^:^©«J^$:#b. KpS^^ 
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±13^ 1 ^mmA\z^m. b, ±i3^N- ze© z wi±ofj3 
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TS©— gPC pS^f4^^5:^iab, ^©S^ffl!)©>'^• U r 
)l©-g|5lClinS^$ifit)S^tobfc^iit-fe2). Cine. 
©^ll^^^C<t•pT^4t•-5ll^®::^(p]li^ m«^!lll©« 

So ioT> 01 (b) ®J;^tC. S.:7 3l;l/S©>'^•>h• 
tt^ti 7i ip . iEJl\t?i?smz iB] b i: c 5 

[0 0 0 9] ^fc. ^igB^B*®*5T:^;i-> (Pi-r^v) m 
T'fe5B®®i»^{is E«Slja®«#®;^[qi#*?;t> 

®©:l-&fcji5C7£e?)fetf>s S^S0|J©>'^*'J TMcD-mzn 

^^m.^-&mn bs -^©sMiRij©^^* u TMcD—mzit-p 

©:5ffijA5j|6tc^ssA5. Jiai!±lB]bT-^So 
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[0 0 11] ±i&(D:fj^:tyRVPT-:fyits it-^^^ 

(DRn-'Mm^mx- * © i.i i-v^^b^^* 

^^*^C*5V^-CttmJ#(iAl, Ga, In^®IIIi3l7C^> 
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[0 0 12] ^UT^ J-:i.±06Siilta-:5g. *^B^#li 
[0 0 13] •^Of^a6tJ^e^)©tt^ m^Oi|i^©f* (^ig 
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1 0l8cm-3y,±^J^LTV^SCli:^iW^^i:■r?)4^■ 

[0 0 1] tt$)SV»{±^ni:^fffi'SttA»e.2 0° TiMS 
5° M^Lfc:^fpl-r-fe?)j d i:©fti*:6«]^cCfi?iJtt^ i?>^ 

m<D (10 0) ®x<±cin}c^(iE'5;*ass ( (o i o) 
is-^ (0 0 1) ®) *>e.±ai©$BHoftSM$4bfeigB^B 

:tf *4 S t: ^ ;^^iS;;l ^ 2) :i i: T- 

[0 0 14] i^>'!7y\y>Ymi^mmm^^r^^mi^ 
%^m^0m^ [y^mmt uT«i, mi i\^mi*-6i3^:t 

>S (ll'r:t>S) A^f>^fi.iH±t [0 0 1] «xi± 
ini:llfffi'&;)ga^t4*^e>2 0° 7iS8 5° {tiMbfc:5[n] 

ii®'>^e< i:t)-(CnM^i|iei^<£ 1 O^^cm'^l^M 
LfcnS?S«c. pM^ffm^ 1 0l8cm-3lil>±^*Dbfc 

pii^^s xttcn^p^ofiJ^<&i&its (1) ±i3'i' 
© z$[ti±©>-i^.c>ct i9±jaai 1 ^-mm^z.^-'-fiiLm.^^. 



±i3pS^l:^© z«&±©4'<C^$:±a3>'^U 7^© z|fl±© . 
4"<ii» J: t}±l3^ 1 ^mi^mizR-:>±.ti^^ U 7J1© z M± 
©4='t>S±t3nSia^© z!tt±©tf^iC^ct t3±f3^ 1 

l±> (1) Ei^M®ii-& : ±l3*»f*» 

ISiiiS^©^S?^ISctt):^^i^*5Sfti^rBT\ (2) §|o 
?S t) S©iS^ : ±g3**i*SffiJS^B©^S?^ia J: D /J^^ 

[0 0 15] ±M© TzWj i:{±*^di?.iig^fig«:^(D]5: 
fi 1%^©ii^Sttit|iS^^n^£V^c i: leasts tiTli 

©±®±lC«)l$nf::#a»#Ji^&Sfl*1--i)o ^bT. ± 
j$©v^'JTJl{C*5»tS rna^Ji©ztt±©>l3.Cv#±i3 

u TB© z la±©4"a^c^: u ±13^ i ^mi^miumr 
^I■&*^^s^i'!?©>'^•"J7)l©o*)^ ^©rtastns^a:^ 

fs^Toi>ci:^iti*t-Sc *©^«(±> nmmm^^^ 

Jl©ztt±©4''il>*^±i3pS^ii©zii±©4''t»J; t)± 
iemi^iSf*{llllc-(4«-r5j i:V^o^^li^ ±i3S?# 
^S^S't4aK:$^^^5ffl'^©>'^•'Jr^©o*). ^©rtSB 
tcpSJ?ii^&*1-2)*)©±-ClcMb> ^KMiJTSlc^D 

\f^pmmmmmiimtfi±t^m i (^i^^f** 

ffi) ©SM{PJllc<l^-rc^€)^i:$:«i*-r?). tie-pTs ± 
a!© 2 ■:?©jfeS*^£?ife1-i|iig{*^:)t*?©fi?#pSJtS 
nS?R^i:pSIRJ^©}K;^*^e)^5M-U 

TMOD-mmn. ^mt^mmt^^nmm. pse©iii 

l;4^^^fi*Ji'£«Jibfe«figi:bTf3iE^n5o ^fe^ ^ 

{c||bTii^ ±j£©^i^©v^-rntt)j*jm^n^ev^„ 

[0 0 1 6] tJl±©J;a^cz|ft ()i!g^f!S;*:5ipJ) liiS 
iJ T]l©^Mife) K-7-«J^©{4atcH1-5*l^<±, giJ 

©^jE^itic*)V>T*)Jiffl-r5o -fbt, ^m-mmh 
5±a±t [0 0 1] m^\tz.fitmmfji^^Bmii^<b2 

0' BMS 5' M^bfc;5[pi (zlS) t::i;>^^b>h- 
M«^i©»?#pMrSttl4$S?BfiK«$i±s c©fi?# 

#V>M'J:rM©-5ibv U Zll©'i>^s < i:*)-tnM^ 
m'^A^l 0l8cm-%±^iDbtnii|Si^. pS^^ifiife) 
S: 1 0l8cni-3j,;l±^iDbfcpS^J^. XJi^tl^i^:^ 
©^i^^iStt. (3) ±i3'^7i;Hi{cE$ili<&{^4bfc 
: ±l3pSyMl^ffl z «!±©4"C,'As±Sa^'? U T^© z 
Wl±©4"C> J; ±a3^ l 4^J»f*«iJl::.a-:? ±rd^^• U 7®© 
z lill±©it'.i:> >V±HBn i5'J®lie© z $iliJ:ffl tt>.C^ i 0 ±K3^; 
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? I ^ 51 1) S <fc ft-^ t : ±13 n SJfg^O z M±© ft' 

U TS© z $a±04''t> J: t) ±mm 1 
lrfio±f3>'N* 'J 7)1© z|4±©4'/C>5:±b3pSM^® z 

[0 0 17] ±m(D:^^mizx^^^mj^^^i^^^m 

#FSr£1til^J®^fKS (z$i!i:^i6i) z(Dm.^n 

Sfii^^: 1 0l9cm"%±^iDb7tnMM^> pS^^sfitJ 
^ 1 0i9cm"3jiJ,±?^AnbfcpSJ?iJ^. Xid:cne.iss:^ 
cD^J^SiaJt^ (5) ±l3'^x;i/e{lE^||«:M-^bfc 
: ±I3nSII^® z M±®ff .t^A^iiayt ij tB© z 
W±CD43'C> J; !3 ±13^ 1 *^§t*;{R!lt:ao±f3>'^ U Tm<D 
z I4±© 4"C> As±|3 p a^^© z tt±(D if-C,^ J: 5 ±13^ 
ii|£j|[{$:{|i|{i^^{4M^-a-, Xi± (6) ±l3't7x;i/JiK: 

-ii»s:±i3/'?u TJi©ztt±©4''i:><t t)±iH^ 1 ^mwm 

tfio±f3>'^ U Tg© zli±©'+'it>*±l3n^?I^© z 
$fl±©4'-t> J; ±13^ 1 *5gi*{iyt{iS^-&* d 
^t-rSo Sl^b^SiJ©ffJ^i:bTlis 

a£^«ig©*^#pM^ttJi^iSSB^fi!cS (zfili:^|D]) ^ 
•tt. c:©fi^#pSl?Si4S4«fi!c1-S'i7:i^;i'Si:Cin<t 
i^^ft|J^ti©;'c&v^/'^• u tji©^ u TJi©'>^c < 

p Si^Mt) 4 1 0 1 9 c in-3 j,:JL±^J)n U p Sl^J^s 
Xttdn?>Il:^©^^^S:IS(t^ (7) ±13-^7 ice 
SSM^M-^bfca^ : ±f3pSJtS^© z$fi±©4''il^A5± 
^ U r Ji © 2 W±® ^ 'C' <t t) ±13^ 1 ^ fio 
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±f3't'x;u®lc?|^?If3S^&f^-^bfea^ : ±Unm^ 
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i3p^is^© zfill±©'1'-l:^ J: I? ±13^ 1 ^mi^mimm 
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